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It has often been pointed out that tricuspid stenosis occurs much more frequently than it is diag-
nosed. This may be because it so rarely occurs as a single valvular defect (although such cases have
been described), because there are no characteristic symptoms, and because clinical signs are often
inconspicuous. In the past, it has not been considered of much practical importance to make the
diagnosis but this is no longer the case owing to the availability of surgical treatment. Tricuspid
stenosis is usually of rheumatic origin, but the condition may be congenital (Paul and Lev, 1960) and
has been reported in carcinoid (Millman, 1943), fibro-elastosis (Dennis, Hansen, and Corpening,
1953), endomyocardial fibrosis (Davies and Ball, 1955), and lupus erythematosus (Gibson and
Wood, 1955). The condition has been simulated by a right atrial myxoma (Lyons et al., 1958).

This paper is concerned with the diagnosis, circulatory effects, and surgical treatment of rheu-
matic tricuspid stenosis associated with severe mitral stenosis, with particular reference to 17
patients who were studied in detail and then treated by combined valvotomy. It is noteworthy that
we have not seen or at least not recognized severe tricuspid stenosis in association with isolated
mitral incompetence or isolated aortic valvular disease.

INCIDENCE
In autopsy studies of rheumatic heart disease the published incidence of tricuspid stenosis has

been high, varying between 22 and 44 per cent. In seven combined series, 240 out of a total of 806
cases of rheumatic heart disease were found to have tricuspid stenosis, an incidence of 30 per cent
(Coombs, 1924; Cabot, 1926; Von Glahn, 1927; Thayer, 1925; Cooke and White, 1941; Aceves
and Carral, 1947). In a clinical series Coombs (1924) estimated the incidence at 14 per cent. Bailey
and Bolton (1956) explored the tricuspid valve in 98 patients undergoing mitral valvotomy for mitral
stenosis, and found significant tricuspid stenosis in 15, in only 3 of whom the diagnosis had been
made before operation. In our hospital, in a consecutive series of 100 autopsies carried out on cases
of rheumatic heart disease during the time of the present clinical study, the incidence of tricuspid
narrowing to admit three fingers or less (10 cm. circumference) was 14 per cent, and out of 550 con-
secutive patients subjected to mitral valvotomy the diagnosis of severe tricuspid stenosis (valve area=
1-5 cm.2 or less) was made and confirmed in 17 cases at operation, an incidence of 3-1 per cent.

It is evident that the apparent incidence of tricuspid stenosis depends on the criteria used for
diagnosis. Cabot (1926) gives the circumference of the normal tricuspid valve as 12-14 cm., and
most pathologists seem to have taken a circumference of less than 10-11 cm. (i.e. diameter less than
2 cm. or a valve area of 7 cm.2) to indicate stenosis. White (1944) expresses the view that the disease
cannot be recognized clinically unless the valve circumference is less than 8 cm. (diameter 2 5 cm.,
valve area 4-9 cm.2), and we are in agreement with this. Ferrer et al. (1953) consider that recognition
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of tricuspid stenosis is only feasible in advanced cases. The critical size of orifice at which ob-
struction seriously impairs the circulation and requires surgical relief has not been established. In
the case of the mitral valve it is generally taken to be 1 5 cm.2 and, as will be discussed in this paper,
there is reason to believe that it may be somewhat greater for the tricuspid valve. It is clear, however,
that the pathological criteria that have been used include many cases of mild narrowing which would
not be expected to give rise to significant symptoms, signs, or hemodynamic effects, and this explains
the greater incidence at necropsy than in clinical series.

The objects of the present study are threefold; first, to investigate the diagnostic criteria for
tricuspid stenosis; secondly, to assess the effects on the circulation; and, thirdly, to consider the
indications for and results of surgical treatment in the light of our clinical experience.

DIAGNOSTIC CRITERIA
The first purpose of this study is the correlation of physical signs, radiographic and electro-

cardiographic findings, and hamodynamic data with the size of the valve orifice found at operation,
in order to establish criteria for the diagnosis of significant stenosis, that is to say a valve of
1 5 cm.2 or less in area.

Many points in published work require clarification. In the last edition of the New York
Heart Association handbook on criteria (1953) the classical picture of a patient with tricuspid
stenosis is said to include cyanosis, jaundice, distended, pulsating neck veins, enlarged pulsating
liver, and ascites. In the past 15 years we have not encountered such a picture from tricuspid
stenosis and believe, on the contrary, that this is the picture of advanced tricuspid incompetence.

Answers are needed to the following questions: (1) Is the jugular venous pulse a reliable guide to
tricuspid stenosis, and in this condition how is it modified by atrial fibrillation and by tricuspid
incompetence?

(2) Are tricuspid murmurs any guide to the degree of stenosis, and what is the significance of
respiratory variations in the murmurs? Can a tricuspid diastolic murmur be solely derived from
incompetence as has been claimed for organic mitral incompetence? Is an organically stenosed
tricuspid valve always also incompetent?

(3) How characteristic are the radiological signs of a dilated right atrium, clear lung fields, or
absence of enlargement of the pulmonary artery?

(4) How diagnostic of tricuspid stenosis are tall peaked P waves in the electrocardiogram, and in
patients with rheumatic heart disease can similar P waves occur from tricuspid incompetence or
from pulmonary hypertension without tricuspid disease? Is a pattern of right ventricular hyper-
trophy compatible with severe tricuspid stenosis ?

(5) At what time in diastole is a pressure gradient across the tricuspid valve most significant?
What pressure gradient suggests severe stenosis, and what is the effect on the gradient of tricuspid
incompetence and of atrial fibrillation?

HAEMODYNAMIC EFFECTS
The second object of this paper is to study the circulatory effects of tricuspid valve obstruction.

Tricuspid stenosis will affect cardiac output and systemic venous pressure and may also be expected
to modify the pulmonary arterial and venous hypertension due to associated mitral valve obstruction.
We have studied the changes in these four variables at rest and on exercise and compared the results
with cases of isolated mitral stenosis.

SURGICAL TREATMENT
Lastly, and combining the diagnostic and hmmodynamic parts of the study, there is the question

of indications for surgical treatment. This depends on determining a critical size for the valve
below which serious hemodynamic effects are produced. Ordinarily the assessment of results
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wouid be made on the basis of symptoms and signs, radiography and electrocardiography, but this is
inconclusive if mitral valvotomy is carried out at the same time. It is necessary to accept the degree
of symptomatic improvement, the observations of the surgeon as to the degree of valvular stenosis or
incompetence found and what was achieved by valvotomy, regression of manifestations attributable
to tricuspid disease, and the results of recatheterization studies. Some have questioned the need
for tricuspid valvotomy (R. C. Brock, 1953, quoted by Chesterman and Whitaker, 1954) on the
grounds that mitral valvotomy is always sufficient to relieve symptoms. The danger of producing
traumatic tricuspid incompetence has been stressed on anatomical grounds by Hollman (1956), and
partial commissurotomy only has been recommended (Bailey, 1955; Pantridge and Marshall,
1957).

The indications for operation and the results of surgery are discussed on the basis of the 17 cases
treated.

THE PRESENT SERIES
In a consecutive series of 550 patients subjected to mitral valvotomy from our unit a clinical

diagnosis of severe associated tricuspid stenosis was supported by the findings at cardiac cathe-
terization in 19 cases: in 2 the diagnosis was confirmed at autopsy; in 17 tricuspid valvotomy was
performed immediately after relief of the mitral stenosis. In 5 other patients, although severe
tricuspid stenosis was considered unlikely, it was thought justifiable to explore the right atrium in
view of the presence of a pressure gradient in diastole across the tricuspid valve in order to ascertain
the size of the valve and thus assist in the establishment of diagnostic criteria. In fact in this group
the gradient was found to result from dominant tricuspid incompetence.

Clinical Assessment. All patients were assessed in hospital. In view of the frequency with
which tricuspid valvular disease is overlooked particular care was taken to detect this condition
in each case by noting any discrepancy between severity of symptoms and physical signs, by careful
attention to the jugular venous pulse, to auscultatory signs between the apex beat and the left
sternal border, to the P wave of the electrocardiogram, and to the right atrium, pulmonary artery,
and lung fields in the radiograph.

Cardiac Catheterization. Right heart catheterization was performed in all cases with suspected
organic tricuspid disease. Cardiac outputs at rest and on standardized exercise using a bicycle
ergometer designed in our laboratory (Ramsay, 1958) were measured by the Fick principle, oxygen
consumption being measured by Tissot spirometer and Scholander gas analysis, and oxygen content
by Brinkman hemoreflector. Three minutes were allowed after the start of exercise for develop-
ment of a steady state.

There is no doubt that the most reliable method of recording valve gradients is by means of two
catheters or a single double-lumen catheter, recording simultaneous pressures in the right ventricle
and right atrium. The dynamic response characteristics of our pressure measuring systems were not
at first adequate using double-lumen catheters, and, therefore, withdrawal records across the valve
were taken during the periods of voluntary apnea. Diagrams were then constructed in which the
right atrial and right ventricular pressures were superimposed during cycles of equal length. Fig. 1
shows a normal subject and a patient with tricuspid stenosis. In the normal subject and in 3 patients
with tricuspid stenosis the method was checked by measuring simultaneous pressures through two
catheters; the result was identical with the constructed diagram.

The valve area was calculated according to the Gorlin formula (Gorlin and Gorlin, 1951) for the
tricuspid valve, i.e.

C.O.
T.V.A. = D.F.P. x 0 7 x 4455/RAm-RVmd

Where T.V.A.=tricuspid valve area in cm.2; C.O.=cardiac output (ml./min.); D.F.P.=diastolic filling
period (sec./min.); RAm=right atrial mean pressure (mm. Hg); and RVmd=right ventricular mean diastolic
pressure (mm. Hg).
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FIG. 1.-Catheter pressure recordings during withdrawal from right ventricle to right atrium, a normal subject and a
patient with tricuspid stenosis. Below, diagrams constructed by superimposition of pressure records.

Operation. The operations were performed by the same surgeon (Andrew Logan). The size
of the valves was graded by him with reference to the index finger according to the following scheme,
the criteria being the same for the mitral and tricuspid valves:

Grade 1: Valve admits no part or only the extreme tip of the index finger.
Grade 2: Valve admits terminal half of the nail of the index finger.
Grade 3: Valve admits terminal phalanx of the index finger (diam. about 15 cm.).
Grade 4: Valve admits phalanx of the index finger (diam. about 2 cm.).
Grade 5: Valve admits proximal phalanx (diam. about 2-5 cm.).

In all patients, mitral valvotomy was carried out first and then the tricuspid valve was explored.
Valvotomy was usually performed using a mechanical dilator introduced through the ventricular
wall (Logan and Turner, 1959).

CLINIcAL FEATURES
The 17 patients submitted to both tricuspid and mitral valvotomy and the two autopsy cases have

been arranged according to the severity of tricuspid stenosis found. Table IA and B shows, in
addition to the size of each valve, the features of the jugular venous pulse, the auscultatory findings
with reference to the tricuspid valve, and relevant abnormalities of the electrocardiogram and chest
radiograph. Table IC shows the same data for the 5 patients with dominant tricuspid incompetence.

Symptoms. In the presence of mitral stenosis no distinction as regards symptoms could be
made between patients with mild and patients with severe tricuspid stenosis. All complained, of
significant breathlessness on exertion; 9 gave a history of cdema, but the rest, despite severe
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TABLE I

CLINICAL AND INvEsTIGATIVE DATA

Venous pulse Auscultation Electrocardiogram Radiograph Catheterization Operation
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~~~a~~~~~~~~~- U~C . (.
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0
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A: Tricuspid Valvotomy
1 36 F 0 +++ 0 + 0 0 4-0 CR1 18 * 52 35 0 23 19/6 7 2-0 - 10 2 1 +
2 37 F 0 +++ 0 + + 0 4O0CRI 16 + 56 32 020 35/14 13 21 3-09 1 1 0
3 23 F 0 +++ 0 0 + 0 4-5 CR1 18 0 51 50 0 22 30/18 16 2-0 2-7 12 2 1 0
4 31 F 0 ++ 0 0 + + 4-5 II 20 0 53 50 0 1 1 33/22 17 2-0 3-0 5 1 1 0
5 23 F 0 ++ 0 0 + + 3-5 CR1 20 + 65 50 + 15 70/32 15 1-9 - 6 1 1 0
6 36 F 0 +++ 0 + + + 4-5 CR1 20 * 65 45 0 13 41/18 17 1-7 2-9 7 2 2 +
7 29 F 0 +++ 0 + + + 3-5 I 20 0 57 35 0 18 25/3 - - - 5 1 2 +
8 34 F 0 ++ 0 + + + 3-0 II 20 + 57 40 + 10 47/24 - 1-9 1-7 3 2 2 0
9 37 F Flutter- 0 - + 0 - -- + 72 55 0- 25/20 141-9 32 11 1 2 +
10 41 M + - + -+ 0 - - - 74 45 0- 33/18 21 18 2-59 5 2 0
1 32 F + - + -+ 0 -- - L.V.H. 80 45 0 - 32/11 13 24 38 12 42 0
12 56 F + - 0 - + 0 - - - 50 45 0- 30/14 161-4- 10 2 3 +
13 31 F 0 ++ 0 + 0 0 4-0 CR1 20 * 56 55 0 12 22/12 7 2-3 3-1 6 1 3 +
14 28 F 0 ++ 0 + +0 3-0 II 22 0 63 40 0 10 25/12 15 2-2 3-3 4 1 3 +
15 40 F + - +-+ + - - - + 62 50 0- 50/26 23 21 28 10 2 3 +
16 3S F + - +- + 0 - -- 0 4550 0- 26/1110 1-83-25 2 3 0
17 47 F 0 ++ 0 + + 0 4-5 II 18 0 44 40 0 1 1 22/8 1 1 2-7 3.4 4 2 3 0

B: Post-mortem Cae fTricusid Stenosis
1 48 MO0 ++ 0 ~50 V2 20 R.B.B.- - -21 129/18 22 2-822 5 lii 0
2 4SF + - + + . -- 10/85-- --- Ili 2 +

C: Predominant Tricuspid Incompetence
1 35 F0 ++0 + ++3-0 VI 24 * 70 60 0 9 45/20 21 1-8 2-6 3 1 4 +
2 30 F0 ++ + + + + 4-0 11 16 0 50 50 0 20 37/15 13 2-8 3-0 6 1 4 +
3 24 M 0 ++ + 0 + + 5-0 CR1 20 0 72 45 0 7 37/17 17 3-5 5-1 5 5 6 +
4 26 F 0 ++ + 0 + + 3-0 CR1 16 * 57 50 + 5 75/35 20 3-1 3-6 3 1 6 +
5 35 F 0 ++ + + + + 5-0 CR1 18 + 75 42 0 20 81/60 41 2-8 2-1 1 1 1 6 +

*Incomplete right bundle-branch block.

tricuspid stenosis, did not; 2 had had attacks of paroxysmal noctutnal dyspnoea. The "classical"
picture of cedema, ascites, and cyanosis was not present in any case.

Jugular Venous Pulse. Four patients had themselves observed visible pulsation in the neck,
particularly on exercise, and 5 noted a feeling of congestion in the neck and epigastric discomfort
on exercise: in three, this amounted to definite hepatic pain on exertion. However, these were they
only symptoms pointing directly to tricuspid valvular disease.

The characteristic flicking presystolic pulsation in the superficial jugular veins at the root of the
neck was present in 8 of the 11I patients with severe stenosis who were in sinus rhythm. In 3, in
whom the degree of stenosis was only moderately severe, selective prominence of the "a"~wave was.
present, which, however, lacked the flicking appearance of more severe- stenosis.

In addition to the 17 submitted to valvotomy and the 2 who came to autopsy, there were 5
patients (Table IC) in whom a large presystolic "a"~wave was accompanied by a visible though
lesser systolic wave, the appearance being that of a double pulse for each cardiac cycle. There was in
each case a tricuspid diastolic murmur and a diastolic gradient across the tricuspid valve of 3-11 mm.
Each of these had exploration of the tricuspid valve immediately after mitral valvotomy and was.
found to have relatively mild tricuspid stenosis with dominant regurgitation.

In the 7 patients with atrial fibrillation or flutter the systolic wave was prominent and followed by
a slow "y" descent. One patient who developed fibrillation some months after operation lost the
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TABLE II
HEIGHT OF P WAVE IN 12 PATIENTS IN SINus RHYTHM wrH SEVERE TRicusPm STENosIs

Lead P waves (mm.)

<2-0 2-2-9 3-3 9 4-4 9

11 1 2 7 2
CR1 0 1 6 5
VI 3 3 5 1

TABLE III
CHEST RADIOGRAPH IN 17 PATIENTS OPERATmD ON FOR SEVERE TRIcuSPID STENOSIS

Cardiothoracic Number of Right atrial Number of Pulmonary Number of Septal lines Number of
ratio (%,) patients size (mm.) patients artery size patients patients

(mm.)

<55 3 <55 6 <45 6 None 15
55-59 6 55-59 4 45-49 4 Slight 1
60-64 7 60-64 2 50-54 5 Moderate 1
65+ 1 65+ 5 55+ 2 Gross 0

Total 17 17 17 17
alt

4"a" wave and developed obvious systolic pulsation. A right ventricular impulse was palpable in 9
of the 19 patients with severe tricuspid stenosis. Pulsation in the liver synchronous with the pre-
-systolic venous wave could be felt in 6 patients.

Auscultation. A diastolic murmur which could be clearly distinguished from that of mitral
stenosis was heard in all patients. In those with sinus rhythm it was usually loudest in presystole
and was best heard at the left sternal border. In patients with atrial fibrillation the tricuspid
murmur was loudest in mid-diastole and was usually short and rumbling. In 13 patients the diastolic
murmurs convincingly increased in intensity on deep inspiration, and deep expiration often abolished
them for one or two beats. A tricuspid systolic murmur was also heard in 8 patients. Tricuspid
diastolic murmurs, indistinguishable in timing, intensity, length, and quality from those of tricuspid
stenosis, were audible also in the group of patients who proved to have dominant tricuspid incom-
petence (Table IC).

Electrocardiography. Particular attention was paid to the P waves, to the P-R interval, and to
evidence of right ventricular hypertrophy. It was noteworthy that a large proportion of the patients
were in sinus rhythm, there being only 3 with atrial fibrillation and 1 with flutter. Peaked P waves
greater than 3 0 mm. in height were present in all patients in sinus rhythm and in 8 exceeded 4 mm.
(Table I): they were best seen in lead CR1 (Table II). In several cases it was this that first led to a
consideration of tricuspid stenosis and to more careful auscultation. The P-R interval was equal
to or greater than 0 20 sec. in 8 patients. Electrocardiographic signs of right ventricular hypertrophy
were present in 11 patients, including some with the most severe degrees of tricuspid stenosis. The
criteria for right ventricular hypertrophy were those of Fraser and Turner (1955), and were estab-
lished on the first 250 cases of this series.

Radiography. Particular attention was paid to four features of the postero-anterior radiograph
(Table III). The cardiothoracic ratio gives an index of over-all cardiac enlargement but was of no
special value in the present context, being influenced by enlargement of three different chambers, the
right atrium, the right ventricle, and the left ventricle, each of which may be affected in varying
degree by valvular stenosis or incompetence or by myocardial damage.

359



|@M.19

STENOSIS 2
-GRADES 2 [

0

310@ \X

DOMINANT 1o0
INCOMPETENCE QIILWi

FIG. 2.-Tricuspid valve gradients in diastole in 17 patients with tricuspid
stenosis and 5 patients with organic tricuspid incompetence. Atrial
fibrillation was present in the 6 patients enclosed in the square.

(a) Enlargement of the right atrium as judged by prominence of the right heart border extending
more than 50 mm. from the mid line was present in all but 2 patients. However, the degree of en-
largement bore no relation to that of tricuspid stenosis and occurred also in patients with dominant
tricuspid incompetence, and, as will be discussed, in those with rheumatic heart disease who had no
tricuspid valvular disease.

(b) Enlargement of the pulmonary artery, and its two main branches, associated with pulmonary
arterial hypertension, occurred in 10 out ofthe 17 patients with severe tricuspid stenosis: one of these
also had rheumatic pulmonary stenosis.

(c) Transverse septal lines from lymphatic distension are usually most obvious in the costophrenic
angle and were associated with pulmonary venous hypertension. It is noteworthy that they were
present in two patients despite severe tricuspid stenosis. In each instance there was also severe
mitral stenosis.

Cardiac Catheterization. The gradients obtained by catheter withdrawal records across the
tricuspid valve are shown in Fig. 2. The data are analysed in Table IV with the patients grouped in
order of severity of the tricuspid stenosis.

Four pressure gradients were measured: (1) in early diastole; (2) in late diastole, at the peak of
the "a" wave in cases with sinus rhythm; (3) the mean gradient throughout diastole; and (4) the
maximum gradient.

The mean gradient throughout the diastolic filling period, obtained by integration or planimetry,
is clearly to be preferred since it is less influenced by artefact and by individual variations in pulse
wave contour.

In sinus rhythm the early gradient approximated to the mean gradient and the maximum gradient
usually corresponded with the "a" wave. All patients with severe stenosis in sinus rhythm
had a dominant "a" wave and a mean gradient greater than 5 mm. Hg, except one who
exhibited only a late gradient of 5 mm. and an exceptionally low cardiac output. The striking fact
emerges that if tricuspid regurgitation is also present considerable gradients may exist in the presence
of relatively mild tricuspid stenosis. The features of this type of organic tricuspid incompetence
which may mimic tricuspid stenosis will be discussed later.

KITCHIN AND TURNER360



361DIAGNOSIS AND TREATMENT OF TRICUSPID STENOSIS

TABLE IV
TRICUSPID VALVE GRADIENTS

Case Valve size at Right Tricuspid diastolic gradient (mm. Hg) Calculated
No. operation* atrium valve

mean Mean Early Late Maximum Change on area
Tricuspid Mitral (mm. Hg) inspiration (cm.2)

A: Tricuspid valvotomy
1 1 2 10 10 7 22 22 +3 1.0
2 1 1 10 9 6 17 17 +7 0 9
3 1 2 12 12 12 20 20 +4 1.0
4 1 1 8 5 6 6 6 +5 1-3
5 1 1 6 6 4 11 11 +4 1-2
6 2 2 7 7 8 13 13 +4 1-0
7 2 1 5 5 2 13 13 +4 _
8 2 2 6 3 2 6 6 +3 1-7
9 2 1 12 11 15 8 15 +4 0-8
10 2 5 21 9 15 9 15 +7 1.1
11 2 4 12 9 12 5 12 +6 1-2
12 3 2 8 10 10 5 10 +3 0 5
13 3 1 8 6 6 8 8 +4 1-5
14 3 1 5 4 4 6 6 +3 1-8
15 3 2 14 10 12 9 12 +5 1-2
16 3 2 6 5 7 3 7 +4 1-3
17 3 2 5 4 4 8 8 +3 1.9

B: Post-mortem cases of tricuspid stenosis
1 1 1 11 5 5 1 10 1 10 +4 18
2 2 1 10 --

C: Predominant tricuspid incompetence
1 4 1 4 3 4 5 5 +2 1X6
2 4 1 10 6 3 10 10 +2 1 8
3 5 5 3 5 6 7 7 0 2-7
4 5 1 3 3 4 6 6 +1 3-0
5 5 1 13 11 15 7 15 0 1-5

* Grading as on p. 357

When atrial fibrillation or flutter was present the gradient across the valve in diastole was large
in relation to the degree of stenosis, and in addition, there was also a predominant systolic wave both
in the right atrium and clinically in the jugular pulse despite the presence of severe tricuspid stenosis.
The gradient was maximal in early diastole.

Grouped data for mean resting right atrial and pulmonary arterial pressures, cardiac index, and
pulmonary vascular resistance at rest and on exercise are shown in Table V. The cardiac output was
considerably reduced below normal standards in all patients both at rest and on exercise (see Fig. 13).

TABLE V
HASMODYNAMIC DATA (SEVERE TRICUSPID STENOSIS-19 PATIENTS)

Mean pressure Cardiac No. of cases Pulmonary No. of cases
index vascular

Right No. of Pulmonary No. of (I./m.2/min.) Rest Exercise resistance Rest Exercise
atrium cases artery cases (dynes-sec-.,

(mm. Hg) (mm. Hg) cm. -5)
<6 2 <20 7 <2 7 1 <200 9 12
6-11 11 20-29 8 2-2-5 8 2 200-400 6 1
12-17 4 30-39 12 2-5-3-0 2 6 400-600 0 0
18+ 1 40+ 2 3+ 0 5 600+ 1 0
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Pulmonary hypertension (mean pressure >20 mm. Hg) was present in 12 of the 19 patients but was
severe in only 2. The pulmonary vascular resistance was greatly increased at rest in 1 patient and
slightly increased in a further 6. On exercise the pulmonary vascular resistance fell in 8 of the
13 patients in whom it was measured, and was unaltered in a further 3. Right atrial mean pressure
was raised moderately in 11 and severely in 5 patients, the last all having arrhythmia.

TABLE VI

TRIcusPID VALVOTOMY (17 PATIENTS)-CHANGES AFTER OPERATION

Case Follow-up Subjective Venous pulse waves Tricuspid murmurs P wave Change in
No. (yr.) result change right atrial

Pre- Systolic Diastolic Systolic size (mm.)
systolic

1 6 Good Decrease 0 0 0 0 -12
2 Operative death _ _
3 3 Good Decrease 0 Decrease 0 Decrease +5
4 2 Good Decrease 0 None 0 Decrease +6
5 2 Good Decrease 0 None 0 Decrease +12
6 8/12 Died 0 Increase 0 Increase 0 +7
7 2 Good Decrease 0 None - +4
8 6 Good Decrease 0 None 0 Decrease 0
9 Operative death - _
10 3 Died 0 0 0 +6
11 Operative death - - _
12 1 Good - 0 None 0 0
13 3 Good Decrease Increase Decrease Increase Decrease 0
14 2 Good Decrease Increase Decrease Increase Decrease -3
15 6 Good 0 Decrease 0 +3
16 1 Fair - 0 Decrease 0 - -6
17 1 Good Decrease 0 None 0 Decrease -4

0=no change; -=not applicable.

Surgical Treatment. All but 2 of the 17 patients also had tight mitral stenosis as judged by the
criteria already given, and mitral valvotomy was also carried out. In one patient an error was
made as regards the degree of stenosis at the mitral valve. Eleven patients had tight tricuspid
stenosis (<1 cm.2), and 6 moderately tight stenosis (1-1.5 cm.2). In all the patients the degree of
stenosis was considered sufficient to warrant valvotomy. In 4 the degree of tricuspid stenosis was
greater than that of mitral stenosis. In 5 the two valves were equally narrowed, and in 8 the degree
of mitral stenosis was greater than that at the tricuspid valve. Palpable tricuspid regurgitation was
frequently found, and was present in 8 patients.

Three patients died during the operation, but death was not considered to be due to the tricuspid
valvotomy. One died from chest hlmorrhage two hours after operation, and the second from
circulatory failure in a severely disabled patient with mitral, tricuspid, and pulmonary stenosis, each
of severe degree and for each of which valvotomy was carried out. She was found subsequently
also to have cardiac hepatic cirrhosis, a condition which later experience has shown often to be asso-
ciated with post-operative circulatory failure and, which, if detected, we now consider to be a contra-
indication to surgical treatment. The third was a patient, previously treated by a second valvotomy
for mitral restenosis, who had a third operation ten years after the first by the open-heart method for
the relief of aortic and tricuspid stenosis. Owing to a technical mishap there was a period of undue
hypotension and she sustained irreversible cerebral damage. Traumatic, i.e. operative valvular
incompetence of significant degree occurred in one patient.

Changes Following Operation. The longest period of follow-up to date is seven years and the
shortest is 18 months (Table VI). One patient deteriorated after operation on account of traumatic
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incompetence of both mitral and tricuspid valves: she died twelve months later after attempted
repair of both defects by open-heart surgery. Another who had severe tricuspid stenosis relieved at
operation, with relatively mild mitral stenosis, was improved for two years, but then deteriorated
with cardiac failure and died one year later: he had a long history (17 years) of breathlessness, atrial
fibrillation, a large heart, venous congestion, and hepatomegaly with involvement of tricuspid,
mitral, and aortic valves.

Of the remaining 12 survivors of the operation, 10 have remained well with excellent sympto-
matic relief, little or no disability from breathlessness, and no signs of cardiac failure. One with
moderately severe tricuspid stenosis and tight mitral stenosis has had only a fair degree of improve-
ment. The last patient in whom a satisfactory tricuspid valvotomy but relatively inadequate
mitral valvotomy was carried out had a better mitral valvotomy performed three and a half years
later with a very good result, and has remained well since.

Symptoms. Because of combined mitral and tricuspid valvotomy it is impossible to assess
whether subjective improvement is due to one or other or both valves being Widened.

Murmurs. Six patients lost the tricuspid diastolic murmur after operation, and in these cases,
apart from a slight prominence of the "a" wave in the venous pulse, clinical evidence of tricuspid
disease virtually disappeared. The remainder retained a diastolic murmur but of lesser intensity and
shorter duration, and in only one patient, followed up for six years, was the intensity more than
Grade 2/6: in this patient there was also no electrocardiographic regression, and a flicking "a"
wave, though smaller, is still present. Symptomatically she remains well but a repeat catheteri-
zation shows that a mild degree of stenosis persists. This was the first tricuspid valvotomy performed
in the unit.

In three patients a tricuspid systolic murmur of Grade 2/6 developed after operation and was
considered to represent a minor degree of tricuspid regurgitation. They have both had excellent
symptomatic results.

Venous Pulse. Regression of the fficking "a" wave in the jugular venous pulse occurred in all
patients in sinus rhythm, and in five the venous pulse became virtually normal. In three regression
of the "a" wave has been incomplete. A large systolic wave was produced in the patient with trau-
matic tricuspid incompetence who died. Another, who had a good result from operation, developed
atrial fibrillation two years -later and, losing the slightly prominent "a" wave, developed a systolic
wave instead.

Electrocardiogram. Three of the original 17 patients died at an early stage. Atrial fibrillation
prevents comparison of P waves in a further 4 patients. Of the remaining 10, 7 show considerable
regression of the tall P waves. Another, followed for two years, has shown only slight regression
despite a good valvotomy and relief of symptoms. In this instance there was a mild degree of tri-
cuspid regurgitation shown by a Grade 2/6 systolic murmur and by dye dilution curves.

No regression occurred in two patients: one was the patient in whom- gross tricuspid incom-
petence was produced at operation; and the other is the patient referred to above in whom the valvo-
tomy may have been incomplete.

Radiography. Decrease in the size of the right atrium as judged radiographically occurred in five
patients and in only two to any striking extent. The situation is apparently similar to that after
mitral valvotomy, when decrease in left atrial size is unusual. It reflects the fact, discussed later,
that chamber size is not closely related to the pressure within.

Catheterization. Post-operative catheterization was not done routinely in patients who were
symptomatically well, since there was no reasonable doubt that the stenosed tricuspid valves were
opened widely at operation. Five patients, however, were catheterized after operation in order to
establish objectively what was achieved by valvotomy. All had tight tricuspid stenosis at operation,
and subsequent catheterization showed considerable reduction of the valve gradient and reduction in
the "a" wave of the right atrial pulse (Fig. 3). Indicator dilution studies in one patient showed no
difference in contour between right ventricular and pulmonary arterial injections, indicating that no
significant degree of traumatic incompetence had been produced at operation.
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perience diagnostic abnormalities indicating
o y K W tricuspid valve disease have rarely been ob-served by the referring physician, it is

40- } \ {worth emphasizing that it should be the
invariable rule during clinical examination

o- 3Inot only to note the jugular venous pressure
but also the characteristics of the jugular

40c venous pulsation. In sinus rhythm the most
reliable sign of important tricuspid stenosis
was a characteristic flicking "a" wave best

o- seen in the externaljugular veins at the root
40c of the neck. This pulsation is frequently

much more prominent on one side of the
neck than the other and may on this account

o- Wbemissed if only one side is examined.
40 Normally a small "a" wave may be present

with the patient supine but in tricuspid
|J§I1 J stenosis an "a" wave will be observed with

the patient sitting up, although it is not
___________________________________ always very striking. By contrast, the sys-

tOliC wave Of triCUSPid regUrgitation iS
FIG. 3.-Tricuspid valve gradients (shaded areas) before tseen inuthed veinan is

and after tricuspid valvotomy in 5 patients with usually best seen in the deep veins and iS
severe tricuspid stenosis. often overlooked.

Although a somewhat prominent "a"
wave is occasionally seen in patients with mitral stenosis who have severe pulmonary hyper-
tension, especially if tricuspid incompetence is present, in our experience conspicuous flicking
"a"l waves are pathognomonic of tricuspid stenosis and denote that the obstruction is severe.
Contrary to what is often considered, this wave can readily be appreciated by the finger and is not
infrequently mistaken for an arterial pulsation. An experienced observer will recognize the
difference by inspection, but in cases of doubt differentiation is assisted by observing the effect on
the venous pressure and pulsations of respiration, posture, and pressure over the abdomen, none
of which affect the arterial wave.

Timing of the venous pulse may be difficult. The " a" wave in the neck is not, as often assumed,
synchronous with right atrial contraction. Measurements in 6 of our patients have shown that
transmission of the right atrial wave to the jugular vein occupies -0s7-010 sec. Hence a wave that
is caused by atrial contraction may appear to be almost synchronous with the first heart sound
(Fig. 4). The presystolic "a" wave occurs just before, but may appear to be almost synchronous
with, the carotid arterial pulse, whereas the systolic (" s") wave of tricuspid incompetence, although
occurring earlier than the physiological "v" wave, follows the carotid pulsation. If the mean
venous pressure is moderately raised and two distinct waves are seen with the patient reclining at 450,
then even if the " a" wave is larger than the systolic wave, severe tricuspid stenosis is unlikely to be
present and in most cases there is dominant tricuspid incompetence.

If atrial fibrillation is present the diagnosis of tricuspid stenosis from examination of the neck
veins is not possible owing to absence of the presystolic "a"9 wave which is, of course, dependent on
atrial contraction. A slow "y" descent, i.e. following the positive "v" wave, may be difficult to
appreciate clinically. However, the presence of a tricuspid diastolic murmur in a patient with atrial
fibrillation and raised venous pressure always raises the strong possibility of significant tricuspid
stenosis being present, and catheterization is advisable in order to assess its degree.
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FIG. 4.-Relation between electrocardiogram and pressure pulse in right atrium,
internal jugular vein, and subclavian vein in a patient with mitral stenosis,
showing progressive attenuation and delay of "a" wave distal to the heart.

Two of our patients exemplified the observation of Reale et al. (1956) that in tricuspid stenosis
with atrial fibrillation the presence of a considerable systolic wave in the venous pulse does not
necessarily imply gross tricuspid incompetence, and may result from only a small regurgitant jet.

Auscultation. In this series the most obvious auscultatory sign of tricuspid stenosis in patients
with sinus rhythm was a clear presystolic murmur synchronous with the "a" wave. The murmur
usually lacked the apparent crescendo quality of a mitral presystolic murmur, probably because of
the unaccentuated first sound. In our experience a clear separate presystolic murmur is not a com-
mon finding in patients who have severe mitral stenosis, and if such a murmur is well heard internal to
the apex and towards the left sternal border the question of a tricuspid origin should always be con-
sidered.



Tricuspid mid-diastolic murmurs were in general shorter than the corresponding mitral diastolic
murmur, presumably because of the lesser pressure gradients across the valve. In all cases a res-
piratory variation was apparent, the murmur becoming much louder during inspiration. At
catheterization this was seen to be associated with the increased pressure gradient. Technique is
all important in the recognition of this murmur. The patient should be instructed to take a long,
slow, deep breath and then hold it in full inspiration. If careful attention is paid throughout this
manceuvre the presence of a tricuspid diastolic murmur will be clearly apparent. A deep breath
increases the negative intrathoracic pressure and thereby the inflow of blood from the great vessels
into the right atrium and across the valve.

As with mitral stenosis, there is no close relation between the duration of the mid-diastolic
murmur and the degree of valvular obstruction, but, as in the case of the mitral valve, a short and
inconspicuous murmur is unlikely to be associated with severe stenosis of the tricuspid valve.
Tricuspid diastolic murmurs are heard in organic tricuspid incompetence: the presence of such a
murmur therefore merely indicates disease of the tricuspid valve, and does not in itself reveal the
type of the valvular defect.

Tricuspid murmurs were always best heard at the left sternal border a little to the left of the
midline. Although often audible to the right of the sternum they were never maximal in the so-
called tricuspid area, a point made by Perloffand Harvey (1960). The site to the left of the sternum
is the expected one in view of the position of the tricuspid valve which, in the presence of tricuspid
stenosis, is displaced to the left by right atrial enlargement and by clockwise rotation of the heart
and of the leftward direction of the jet into the right ventricle.

Respiratory variations in the intensity of tricuspid murmurs merit further discussion. In the
normal heart there are only minor changes in right atrial and right ventricular pressure during the
respiratory cycle despite the fact that the respiratory swing in intrapleural pressure must be trans-
mitted to all structures within the thoracic cavity. This may be explained by the free inflow of
blood into the right atrium from the large veins, and the free communication between the right
atrium and ventricle during diastole when the tricuspid valve is open. Were it not for this, the
intrapleural pressure variations would be fully apparent in the right heart chambers. If, however,
the tricuspid valve is severely narrowed the normal increase in volume flow into the right ventricle
with inspiration is impeded and respiratory variations in pressure are abnormally large in that
chamber. Little or no respiratory variation appears in right atrial pressure because this chamber
is already distended and there is free inflow from the venous reservoirs. The net result is that during
inspiration the right ventricular diastolic pressure follows the intrapleural pressure and falls more
than normally so that a large gradient -is produced across the tricuspid valve. Increased turbulence
caused by the more rapid flow through the narrowed orifice accentuates the diastolic murmur.

It is usually stated that the systolic murmur of tricuspid regurgitation becomes louder during
inspiration, and in cases not associated with severe stenosis of the valve this can often be appreciated.
The probable explanation lies in the normal increased filling of the right ventricle under the influence
of the negative swing in intrathoracic pressure and the consequent higher pressure gradient in systole
between the right ventricle and right atrium associated with the increased stroke output. It is note-
worthy that in patients with cardiac failure and a high venous filling pressure this respiratory varia-
tion may not be evident because blood flow is maximal and cannot be increased by inspiration.

It has, however, been our experience in patients with significant tricuspid stenosis that the
reverse of the expected pattern usually occurs in that a systolic murmur from associated tricuspid
incompetence actually decreases with inspiration and increases with expiration. Under certain
circumstances this may be a useful pointer to predominant stenosis or incompetence in the mixed
valvular defect. The explanation for this phenomenon presumably rests on the same basis as that
for the changes in the diastolic murmur discussed above. When the valve is narrowed the usual
increased filling ofthe right ventricle during inspiration is reduced. Intrathoracic pressure variations
are therefore fully transmitted to the right ventricle and the systolic pressure falls on inspiration.
Since the right atrial pressure is relatively unaffected the systolic pressure gradient across the tricuspid
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valve is decreased by inspiration and the systolic murmur becomes less prominent. Consequently
a change in intensity of a systolic murmur with respiration is not always a reliable method of
distinguishing between mitral and tricuspid systolic murmurs as sometimes thought.

Cases of mild tricuspid stenosis occurring in association with mitral stenosis are by no means
uncommon and will often be found if sufficient care is taken over auscultation. In our series of 500
consecutive patients treated by mitral valvotomy a tricuspid diastolic murmur was frequently heard.
Unfortunately, an accurate estimate of the incidence of such a murmur cannot be given because it is
certain that in the early years especially insufficient care was taken specifically to exclude tricuspid
valvular disease in each case. Frequently the murmur was only audible during inspiration and could
therefore readily be missed. The neck vein pulsations may show only slight prominence of the "aa"
wave, and such a wave will only be present with sinus rhythm. There may be little or no right atrial
enlargement radiographically. In such clinically mild cases the murmur has been accepted as indi-
cating mild tricuspid narrowing without confirmation by catheterization. The incidence of tricuspid
stenosis ofsome degree in patients with severe mitral valvular disease is probably about 5-10 per cent.
A separate opening snap attributable to the tricuspid valve could not be proved but was sometimes

suspected: the difficulty lies in the concomitant presence of a clear snap at the left sternal border and
produced at the mitral valve.

Electrocardiography. Tail peaked P waves are not diagnostic of tricuspid stenosis and may also
be found in pulmonary stenosis and in severe pulmonary hypertension from any cause. In the setting
of rheumatic heart disease they may result from tricuspid incompetence secondary to pulmonary
hypertension produced by mitral valvular disease. Probably the relevant factors are hypertrophy
and dilatation of the right atrium, resulting from increased pressure work or increased volume work.
Increased pressure work may be due to tricuspid stenosis or to right ventricular hypertrophy or
failure and increased volume work to tricuspid incompetence.

Tricuspid incompetence may be functional or organic: functional tricuspid incompetence results
from right ventricular failure which is usually secondary to pulmonary hypertension, and this itself
results from a combination of mitral valvular disease and a secondary increase in the pulmonary
vascular resistance due to functional or organic narrowing of the pulmonary arterioles. Organic
tricuspid incompetence is usually associated with organic tricuspid stenosis.

The important points to be emphasized are that the detection of tall P waves in the electro-
cardiogram should always lead to a careful search for evidence of tricuspid valvular disease, a con-
dition which in fact is often overlooked, and, if found, steps should be taken to exclude tricuspid
stenosis of a degree sufficient to require valvotomy. It is also important to know that if tricuspid
disease is present tall P waves may be due to dominant tricuspid incompetence, and this may be
secondary to severe mitral stenosis requiring valvotomy.

Occasionally functional tricuspid incompetence may be secondary to severe pulmonary hyper-
tension associated with dominant mitral incompetence or to right ventricular failure secondary to
dominant myocardial damage. It is not therefore necessarily associated with severe mitral stenosis.
However, it is important to recognize that extreme mitral stenosis may be associated with severe
reversible tricuspid incompetence giving rise to a loud apical systolic murmur which does not change
on respiration. Such patients may be denied mitral valvotomy owing to a mistaken diagnosis of
dominant mitral incompetence.

Tall P waves in a patient with mitral disease are therefore important to note because this
finding always signifies that some complication is present either in the form of tricuspid valvular
disease or of pulmonary hypertension or of both conditions. Regression of tall P waves following
tricuspid or mitral valvotomy is good evidence of successful surgical treatment.

In Fig. 5 are shown P waves in various leads in patients with severe tricuspid stenosis and in
patients with dominant tricuspid incompetence, P waves in CR1 in patients with severe tricuspid
stenosis and with dominant mitral incompetence, and also electrocardiograms recorded before and
after operation in patients with tricuspid stenosis, pulmonary stenosis and mitral stenosis with
pulmonary hypertension to show in each case regression of the pattern of P pulmonale.
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FIG. 5.-Above, a and b, P wave patterns in two patients with severe tricuspid
stenosis. Middle, P wave in lead CRI in three patients with severe tricuspid
stenosis and three with predominant incompetence. Below, P waves (lead
CR1) in two patients with tricuspid stenosis (a and b), one with pulmonary
stenosis (c), and one with mitral stenosis with pulmonary hypertension (d),
showing in each case regression of P pulmonale following operation.

The maximum height of P in any lead does not normally exceed 2 mm. Some workers
(Leatham, 1950; Thomas and Dejong, 1954) have accepted 2-5 mm. or even 3 mm. as the maximal
normal height of P but Simonson (1961) has stressed the necessity of ignoring extreme stray values
for any electrocardiographic item and accepting the 95 per cent distribution in the healthy popu-
lation as the normal limit. This means the 97 5 per cent limit for the upper range. Hence P
waves taller than 2-0 mm. are probably abnormal. In our experience chest lead CR1, that is
between the right arm and the normal VI position, is usually superior to conventional leads in
detecting right atrial hypertrophy.

The amplitude of P in our series of cases of mitral stenosis was measured in 275 consecutive
patients in sinus rhythm who were proved at operation to have severe stenosis . These patients were
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divided into three groups: (1) those with organic tricuspid disease (11); (2) those with a cardio-
graphic pattern of right ventricular hypertrophy (164); and (3) those with neither tricuspid disease
nor right ventricular hypertrophy (97).

The results are shown in Table VII divided into these three groups and classified according to the
maximum height of P in any lead including CRI: 106 of the 275 cases (30%) had P waves exceeding
2 mm. in height and in 69 of them (25%) they exceeded 2-5 mm.

TABLE VII
SEVERE MITRAL STENOSIS (275 PATIENTS): MAXIMAL HEIGHT OF P IN ANY LEAD

P wave Tricuspid No tricuspid disease Total
height disease
(mm.) No R.V.H.| R.V.H.

Abnormal .. .. .. .. 5 5 1 4 10
4 4 3 18 25
3 5 11 18 34
2-5 0 (14) 12 (27) 25 (65) 37 (106)

Normal .. .. .. .. 2 0 58 88 146
1 0 (0) 12 (70) 11 (99) 23 (169)

Total 14 97 164 275

R.V.H.=right ventricular hypertrophy.

All 11 patients in sinus rhythm operated on for tricuspid stenosis had abnormally tall P waves.
The best lead for showing this was CR1 in 6, lead II in 4, and lead I in 1 patient. Patients with mild
tricuspid stenosis and predominant incompetence may have P waves that are as tall as those with
severer stenosis. In addition to clinical observation, this has been proved by hemodynamic
studies and occasionally by exploration of the valve.

Excluding the tricuspid group, the finding that 92 out of a total of 264 cases with mitral stenosis
had P waves of 2-5 mm. or more in height is in agreement with the results of a detailed study of P
wave abnormalities made by Thomas and Dejong (1954). They found evidence of right atrial
hypertrophy in 50 per cent of cases with severe mitral stenosis, commonly in those with pulmonary
hypertension.

Of the 164 cases with cardiographic evidence of right ventricular hypertrophy, 75 (46%) had
abnormally tall P waves, and of these large numbers of patients showed regression of P following
mitral valvotomy. There were 55 cases with P waves of 3 mm. or more in any lead: regression after
mitral valvotomy occurred in 21 of the 33 cases (63%) who remained in sinus rhythm and were
available for follow-up a year or more later. The presence of right ventricular hypertrophy affords
an explanation for right atrial hypertrophy either from ventricular failure and consequently a raised
diastolic filling pressure against which the atrium must contract, or from decreased compliance of the
hypertrophied ventricle and hence again increased pressure work for the right atrium or from both
factors.

Ofthe 97 cases with neither tricuspid valve disease nor right ventricular hypertrophy, 27 (28%) had
P waves beyond the normal range, though only 4 exceeded 3 mm. in height. It is probable that in
many cases there was a degree of right ventricular hypertrophy not reflected in the electrocardiogram.
It is well established that owing to the normal dominance of the left over the right ventricle consider-
able right ventricular hypertrophy may develop before it is evident electrocardiographically. Alter-
natively, they may have had a degree of tricuspid incompetence that was not recognized clinically.

As regards the best lead for demonstrating right atrial hypertrophy, of 69 patients with P waves
exceeding 2 5 mm. in any lead, 34 (49%) showed this best in lead CR1 and 30 (44%) in lead II
(Table VIII).
2c
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TABLE VIII
RIGHT ATRIAL HYPERTROPHY (p>2-5 mm.): BEST ELECTROCARDIOGRAM LEAD-(69)

Lead No R.V.H. R.V.H. Tricuspid disease All cases

CRI .. .. 2 22 10 34
II .... 12 14 4 30
VI .. .. 0 3 0 3
Other .. .. 1 1 0 2

Total .. .. 15 40 14 69

There appeared to be a difference between those cases with tall P waves from tricuspid disease or
right ventricular hypertrophy, in which the best lead was generally CR1, and those cases with tall P
waves unexplained by either of these factors. In the latter group a tall and broad P in lead II was
not associated with abnormally tall P waves in the prncordial leads. It is possible that this pattern
reflects mainly left atrial hypertrophy.

In summary, whereas P greater than 2-5 mm. was always present with significant tricuspid
stenosis or organic incompetence and frequently when there was cardiographic evidence of right
ventricular hypertrophy without tricuspid disease, it was rarely present without either of these con-
ditions, and if greater than 3 mm. almost always signified tricuspid disease.

P-R Interval. Goodwin et.al. (1957) and also Reale et al. (1956) have pointed out that in
tricuspid stenosis the P-R interval is frequently greater than 0-20 sec., presumably because of right
atrial dilatation, and have suggested this as a pointer to the diagnosis. Fig. 6 shows the distribution
of the P-R interval in 264 patients with severe mitral but without tricuspid stenosis who were sub-
jected to mitral valvotomy and in 21 patients with proved organic tricuspid disease. The mean
interval is somewhat longer in the patients with tricuspid involvement but in the individual patient
it is of no help in diagnosis.

Radiography. The radiographic signs generally considered to indicate tricuspid stenosis are
enlargement of the right atrium, absolute or relative lack of enlargement of the pulmonary artery and
relatively clear lung fields. Several of our patients with tight tricuspid stenosis fulfil all these
criteria (Fig. 7), but none is necessarily present in the individual case. The development of these
signs will be influenced by the time of onset and by the degree and duration of associated mitral
valvular disease in relation to the tricuspid disease. In addition, there may be radiographic signs
directly due to mitral or aortic valvular disease. Calcification of the tricuspid valve was not found
in any patient, and has not been reported.

Right Atrium. Two of the 17 patients with tight tricuspid stenosis did not show significant
enlargement of the right atrium as judged by measurement of the maximal distance of the right heart
border from the mid-line in a six-foot postero-anterior film. The other 15 all showed enlargement
greater than 55 mm. from the mid-line. Sepulveda and Lukas (1955), from a study of angiograms,
concluded that for practical purposes this method was accurate, and a similar method has been
recommended by Goodwin et al. (1957).

Fig. 8 shows the apparent size of the right atrium, as judged radiographically, plotted against the
mean right atrial pressure in 70 patients with rheumatic heart disease from our clinic. There is a
fairly good over-all statistical correlation between size and pressure, but clearly the scatter is so
large that factors other than pressure must be involved, and right atrial enlargement is an unreliable
sign of tricuspid disease. Presumably the most important factor is rheumatic involvement of the
myocardium. Similarly in our experience there is no close correlation between the degree of left
atrial enlargement at different ages and in both sexes related to the degree and probably duration
of valvular heart disease and to the left atrial pressure gauged by the pulmonary arterial wedge
pressure.

Fig. 8 also shows that patients with tricuspid stenosis are not distinguished from others showing
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right atrial enlargement but without the murmurs of organic tricuspid valve disease. Clearly
enlargement of the right atrium is not by itself an indication of tricuspid stenosis.

Pulmonary Arterial and Venous Hypertension. In our series of patients with rheumatic heart
disease radiographic enlargement of the pulmonary artery has been a good sign of pulmonary arterial
hypertension and usually, but not always, of severe mitral stenosis. Occasionally severe pulmonary
hypertension results from dominant mitral incompetence. Such hypertension, however, is mainly
related to the pulmonary vascular resistance and in patients with the same degree of obstruction at
the mitral valve there is a remarkable and unexplained variation in the response of the pulmonary
arterioles. Theoretically, in tricuspid stenosis, the pulmonary artery is "protected" in the sense
that a rise in pulmonary pressure is restricted by limited pulmonary blood flow consequent upon the
tricuspid disease.

Pulmonary venous hypertension from obstruction at the mitral valve will be similarly limited,
the lungs will appear relatively clear and without the characteristic transverse septal lines in the
costophrenic angles. However, it is apparent from our data that enlargement of the pulmonary
artery and septal lines may be present with severe tricuspid stenosis, and this has also been noted

A B C
FIG. 7.-(A) Chest radiograph mn a patient with severe tricuspid and mitral stenosis, note right atrial enlargement, and

clear lung fields. (B) and (C) Other patients with severe tricus'pid stenosis showing pulmonary artery enlarge-
ment (B) and pulmonary venous congestion with septal lines (C).
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by Goodwin et al. (1957). Presumably the findings depend not only on the degree of obstruction at
each valve but, the order of development. The presence of septal lines indicates that the mitral
valve offers a greater resistance to blood flow than the tricuspid, since the rate of flow through both
valves is the same, and septal lines are evidence of a left atrial pressure exceeding 20 mm. Hg (Rossall
and Gunning, 1956). As discussed below, this does not imply that the blood flow is limited more by
the mitral valve obstruction than by the tricuspid.

Intracardiac Pressures. A small diastolic pressure gradient across the tricuspid valve may be
overlooked at cardiac catheterization. In addition unless records are made at a fast paper speed,
a brief early diastolic dip in the right ventricular pressure or an artefact produced by an under-
damped catheter-manometer system may be mistaken for the true right ventricular diastolic
pressure, and a gradient suspected where none exists.

If a pressure gradient exists in diastole the tricuspid valve is abnormal. The pressure gradient
may be due to pure stenosis at the valve, or to increased flow through a narrowed but predominantly
incompetent valve. Yu et al. (1956) have also claimed that a small gradient may occur in functional
regurgitation through a normal but stretched valve. The problem is to distinguish the gradient
which is due to severe tricuspid stenosis.

The magnitude of the valve gradient itself bears no close relation to the degree of stenosis, as is
clear from our data (Table I). Predominant tricuspid regurgitation may be associated with a large
gradient (up to 11 mm. in this series) due to increased flow with relatively little narrowing of the valve.
According to Goodwin et al. (1957) a gradient exceeding 5 mm. Hg is good evidence of severe
stenosis but in three of the present patients such gradients were due to predominant incompetence,
without operable stenosis. If the cardiac output is low and there is no reflux, severe stenosis may be
present with only a small gradient. Flow through an orifice is related to the square root of the gra-
dient; hence small variations in flow are associated with larger variations in pressure. Finally,
cases in sinus rhythm have a smaller mean gradient for the same degree of stenosis than do those
with atrial fibrillation (Fig. 2 and Table I).

Analysis of the right atrial wave form may be helpful. Functional tricuspid regurgitation can
usually be distinguished from that due to organic disease (McCord and Blount, 1952; Messer et al.,
1950; Muller and Shillingford, 1954). In functional regurgitation the x descent following valve
closure is reduced or abolished because the systolic wave in the right atrium begins relatively early.
When the valve opens pressure falls rapidly and hence there is a steep y descent. There is only a
small gradient across the valve (Fig. 9A). In organic regurgitation, which is always associated with
stenosis, the factor of obstruction to flow is added: the normal x descent is retained, the systolic wave
is late and less conspicuous, the y descent is slow, and there is a diastolic pressure gradient across the
valve (Fig. 9B). It is in this type of organic incompetence that the difficulty in assessing the degree
of stenosis occurs, since a considerable diastolic gradient can occur in the presence of dominant
incompetence.

In sinus rhythm analysis of the right atrial wave form in terms of the height of the "a" and of the
systolic waves and the mean right atrial pressure may be helpful. Fig. 10 shows the "a" and the
systolic (" s") waves plotted in the patients with tight stenosis and in the patients with dominant
organic incompetence. Differentiation is not always good but in general if the "a" wave exceeds the
maximal systolic pressure by more than 5 mm. Hg severe stenosis is likely to be present. Also, in
sinus rhythm, if the " s" wave exceeds the mean right atrial pressure a severe degree of incompetence
,should be suspected. On exercise the " s " wave may increase to a relatively greater degree than the
"a"( wave. This feature suggests a considerable degree of regurgitation.

In atrial fibrillation the wave form is less helpful. The most prominent wave is always systolic.
If the right atrial pressure is raised, as it commonly is in fibrillation, a relatively insignificant regur-
gitant jet can produce a late systolic wave in the presence of tight stenosis. This has been noted
before by Goodwin et al. (1957) and by Reale et al. (1956). Such a wave, therefore, does not pre-
clude a dominant stenosis and the need for tricuspid valvotomy.

The change in the pressure gradient across the valve on exercise was studied in seven patients and
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FIG. 9.-Superimposed right atrial ventricular pressure records to show differences between (A) functional tricuspid

incompetence and (B) organic tricuspid incompetence.

found to be variable: little or no increase occurred in some cases in which, however, the increase in
cardiac output was only slight; and only in the cases with arrhythmia were large rises in gradient
(up to 10 mm. Hg) obtained. This did not prove to be a useful differentiating point between
stenosis and incompetence. Good evidence of tight stenosis was the observation that during a long
diastole in patients with fibrillation the diastolic pressure in the right ventricle rose only gradually to
approach the right atrial level. Absence of transmission of the "a" wave through the tricuspid
valve to affect the right ventricular pressure was noted in all cases with stenosis, but also in some with
severe regurgitation.

Valve area calculations in patients with incompetence are of limited value and may be misleading,
because they are based on measurements of pressure gradients and flow which cannot take account of
regurgitation.

Analysis of the records shows that the most reliable evidence of tricuspid valve obstruction comes
from the changes of pressure with respiration (Table IV). As discussed earlier, normally respiratory
changes in intrathoracic pressure have little or no effect on the right atrial and right ventricular
pressures, since, with the tricuspid valve open, these chambers are in free communication with the
general venous system. However, in tricuspid obstruction the right ventricular pressures show
abnormally large respiratory variations, while the right atrial pressures vary little (Fig. 11). In
effect, the gradient across the valve in diastole varies with respiration. Fig. 12 shows the change
in this gradient during normal respiration in the patients with tight tricuspid stenosis and in six
other patients with a tricuspid valve gradient and dominant
incompetence. This gives good differentiation. It corres- 25

ponds to the auscultatory finding of the changing diastole
murmur.

Valve Area Calculations. The area of the tricuspid
valve calculated by the formula of Gorlin and Gorlin
(1951) is shown for each case in Table IV. There is
rather poor agreement with the size of the valve found at
operation. The errors which are inherent in the estimate
include those of the measurement of cardiac output by
the Fick principle, of the diastolic filling time, and of the
valve gradient. The gradient is more directly measured
than in the case of the mitral valve but is usually smaller
than in severe mitral stenosis and indeed unless especially
looked for may escape notice at cardiac catheterization.
The smaller the valve gradient the less accuracy can be
expected from the valve area calculations.

The major source of inaccuracy is associated valve re-
gurgitation which leads to an underestimate of the valve
area (Table IVB). The reason for this is that blood flow

20-

E
v

w

> 10-

0

S-

0

0

0

0

0

0

0

* Severe tricuspid stenosis
o Dominant tricuspid incompetence

I I I I

5 10 15

SYSTOLIC WAVE Cmm.Hg)
20

FIG. 10.-Height of "a" wave plotted
against maximal right atrial systolic
wave in patients with organic tricuspid
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FIG. 11.-Tricuspid stenosis. Simultaneous right ventricular and right atrial pressures
showing effect of respiration on ventricular diastolic pressure with no effect on right
atrial pressure.

through the tricuspid valve in diastole cannot be measured but exceeds the cardiac output which is
the figure that has to be used in the calculation.

It must of course also be appreciated that as in the case of the mitral valve the estimate of size
made by the surgeon is only approximate. The shape of the stenosed valve may be very different
from that of the exploratory finger and the force used in palpation may separate the cusps to a
greater degree than the blood stream does.

The post-operative studies show that after adequate valvotomy tricuspid valve gradients,
though considerably reduced, still persist: cardiac output remains low despite satisfactory

z
relief of symptoms. This finding may be compared

o 7- * with that of Donald et al. (1957) in relation to mitral
!; valvotomy, when good symptomatic results were associated
ffi 6- * with relatively small haemodynamic improvement. This

s- serves to emphasize two points: first that the hemodynamic
z result of valvotomy falls considerably short of what appears0

!4- * @ to the surgeon to be an excellent anatomical result, and
W3_ secondly that the difference in orifice size between a stenosed
0E
p - * valve causing severe symptoms and one causing no symptoms

is a very small one, i.e. the size of the valve in relation to
F 2- symptoms is highly critical.
z Hamodynamic Effects of Tricuspid Stenosis. From the
<>X* * equation relating valve size, pressure gradient, and flow

Z . it can be seen that flow through a valve is a function of two
Q;23i 5 #5 factors, the size of the valve, and the square root of the

TV SIZE pressure gradient across it,

FIG. 12.-Change in transvalvular F = k.r2jP,
pressure gradient with noreeal where F=flow, k=constant, r=radius of open valve, zP=respiration related to the degree,
of tricuspid valve naffowing. pressure gradient.
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TABLE IX
MITRAL STENOSIS: COMPARISON OF GROUPS wrrH AND wrrlHouT TRicusPiD STENOSiS

A B Percentage Significance
Mitral stenosis Mitral and difference of difference P

only tricuspid stenosis between
A and B

Ventilation (1./min.)
At rest .. .. .. .. 7-4+05 6-6+0-5 -11
On exercise .. .. 15+11-2 13-3+1 3 -12

Cardiac index (l./m.2/min.)
At rest .. .. .. .. 280+0-23 2-0240-05 -28 <0 01
On exercise .. .. 4-17±0-29 2-86±0-16 -31 <001

Stroke volume (ml.)
At rest .. .. .. .. 53 ±3-7 41+3 0 -23 <0 05
On exercise .. .. 57±5 3 46±4-4 -19 <0-2

Wedge pressure (mm. Hg)
At rest .. .. .. .. 26±19 14±1P7 -46 <0 001
On exercise .. .. 41±2-8 23±3-5 -44 <0 001

Pulmonary valvular resistance
(dynes-sec.-cm.-5)
At rest .. .. .. .. 240+44 185+25 -23 <0 01
On exercise .. .. .. 310±105 120±23 -39 <0001

Assuming competence of the valves, flow through the mitral and the tricuspid is the same, and
the valve with the higher gradient is the smaller in size. However in the case of the mitral valve AP
can rise to a high level (20-40 mm. Hg) because of the small volume and compliance ofthe pulmonary
venous-left atrial system, and the fact that the right ventricle beats more forcibly, and may hyper-
trophy, when the pulmonary resistance is raised. In the case of the tricuspid valve, on the other
hand, AP has never in our experience exceeded 12 mm. Hg, and development of a higher pressure is
unlikely because of the relatively large volume and high degree of compliance of the systemic venous
-right atrial system. Because of this difference between the pressures which can be generated in the
two atria, therefore, the limiting factor in the cardiac output may be the tricuspid valve rather than
the mitral valve, and this may be the case even when the tricuspid is slightly the larger of the two.
In terms of restriction of blood flow the critical valve size may be somewhat larger for the tricuspid
than for the mitral valve.

When both valves are stenotic it may be possible to assess, hemodynamically, which is the
narrower. It is not possible, however, to assess the effect on the patient's over-all cardiac function
of each valve defect. Consequently we have compared cardiac function in two groups of patients
with mitral stenosis of equal severity, one group having in addition tricuspid stenosis (Table IX).
In the group with stenosis of both valves the cardiac outputs were lower at rest and on exercise than
those in the control group in which only mitral stenosis was present (Fig. 13). The difference
suggests that flow obstruction at the tricuspid valve may be the limiting factor in cardiac output in
many cases. In the tricuspid group mild exercise caused the oxygen saturation of the mixed venous
blood to fall to levels of 30-40 per cent.

Comparison of the pulmonary arterial wedge pressure in the two groups confirms that in most
cases tricuspid stenosis is the limiting factor in blood flow. Despite severe mitral stenosis, only
modest increases in wedge pressure occurred in most patients even on exercise. This indicates that
the mitral stenosis, however severe anatomically, is not the limiting factor in restricting cardiac out-
put. The difference between the cardiac outputs of the two groups on exercise was contributed to
almost equally by stroke volume (smaller in the case of the tricuspid group) and by heart rate, which
was slightly lower at rest in the tricuspid group (mean of 74 a minute against 80 a minute) and
showed a much smaller increase on exercise (mean of 93 a minute against 110 a minute). The reason
for the difference in heart rate is unknown. The other striking difference shown between the two
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FIG. 13.-Cardiac index at rest and on exercise in 20 patients with mitral stenosis
without tricuspid disease and in 13 with mitral stenosis with associated tricuspid
stenosis.

groups is the pulmonary vascular resistance. In normal subjects it falls on exercise. In mitral
stenosis the pulmonary vascular resistance was high and generally increased on exercise. The group
of patients with tricuspid stenosis showed the normal response predominantly, though some patients
with high wedge pressures showed the mitral type of response.

The importance of right atrial contraction as reflected in the "a" wave in maintaining flow is
shown by a comparison of the results in atrial fibrillation and flutter when, for a given degree of
stenosis, much larger mean gradients across the valve were seen and were associated with higher
mean pressures as reflected in the jugular veins (Fig. 2). This was also observed by Killip and
Lukas (1957). It is clearly an advantage that the pressure gradient across a valve should be applied
only at the time when it is hlmodynamically effective, i.e. when the valve opens in diastole. A brief
pressure pulse is rapidly dissipated in the systemic venous system (see Fig. 4) and does not result in
a sustained rise in mean venous pressure such as occurs in cardiac failure with tricuspid incompetence
and the resultant deleterious effect on the viscera, particularly the liver and kidneys. With the onset
-of atrial fibrillation this hemodynamic advantage is lost and high mean venous pressures occur. It
is probably for this reason that cardiac cirrhosis of the liver is rare in patients who maintain sinus
rhythm.

Reasons for Tricuspid Valvotomy. Tricuspid valvotomy was first reported by Brofman (1953).
It has rarely been performed, partly from the difficulty of making the diagnosis of tight tricuspid
stenosis, but also because of the widely-held opinion that the lesion is a benign one, or even bene-
ficial in preventing secondary cardio-pulmonary effects of mitral stenosis. A contrary view, how-
ever, is supported by the following points. Patients may fail to improve after adequate mitral
valvotomy because of unrelieved tricuspid stenosis. This was most convincingly demonstrated in a
case reported by Hollman (1956). A woman of 24 with mitral and tricuspid stenosis was severely
disabled by breathlessness and angina of effort. Mitral valvotomy improved the breathlessness
slightly but made the angina worse; later partial relief of the tricuspid stenosis gave considerable
symptomatic relief. Other similar cases have been reported by Chesterman and Whitaker (1954),
O'Neill, Janton, and Glover (1954), Trace, Bailey, and Wendkos (1954), and Pantridge and Marshall
(1957).
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Tricuspid stenosis can cause severe symptoms of effort dyspncea and fatigue presumably due to a
low cardiac output when the coexisting mitral stenosis, though severe anatomically, is relatively
unimportant hemodynamically. The symptoms of tricuspid stenosis are not distinguishable from
those due to mitral stenosis. Since in many cases, however, pulmonary arterial wedge pressures are
scarcely raised in exercise, the symptoms are not attributable to mitral stenosis itself. Breathless-
ness in heart disease is probably caused in various ways. In mitral stenosis decreased lung com-
pliance due to pulmonary venous congestion is thought to contribute. In many other types of heart
disease, however, this cannot be a factor and tricuspid stenosis falls into this category. The feature
common to these diseases is a low cardiac output, inadequate to sustain a high rate of body meta-
bolism without tissue anoxia.

The so-called protective role of tricuspid valvular disease in mitral stenosis, while relieving
dyspnoea, operates by placing a restriction on the venous return to the ventricles and reducing the
cardiac output. Relief from one form of disability is gained at the price of another. Where the
disability is at least moderate and the diagnosis of severe tricuspid stenosis can be made with con-
fidence, there is a clear case for surgical treatment.

SUMMARY
The diagnosis, circulatory effects, and surgical treatment of rheumatic tricuspid stenosis asso-

ciated with mitral stenosis is discussed in relation to 17 patients subjected to combined valvotomy.
The diagnosis of tricuspid stenosis may be difficult and is frequently overlooked. Although a

large flicking " a" wave in the venous pulse, a tricuspid diastolic murmur, right atrial enlargement in
the radiograph, right atrial hypertrophy in the electrocardiogram, and a pressure gradient across the
tricuspid valve in diastole, offer presumptive evidence for tricuspid stenosis, each of these features
may occur in other conditions. Large " a" waves occur in pulmonary stenosis, in pulmonary hyper-
tension, including that of mitral stenosis, and in organic tricuspid incompetence. There is, however,
a particular pattern of a " fficking a"" wave unaccompanied by a systolic wave which is characteris-
tic of severe tricuspid stenosis.

Tricuspid diastolic murmurs may occur in dominant tricuspid incompetence. They indicate
organic tricuspid disease but re no guide to the severity of the stenosis.

Tall P waves in the electrocardiogram and right atrial enlargement in the radiograph though
present in tricuspid stenosis are common findings in tricuspid incompetence and in right ventricular
hypertrophy with a normal tricuspid valve. Enlargement of the pulmonary artery, congestion of the
lung fields, and right ventricular hypertrophy do not exclude severe tricuspid stenosis. A pressure
gradient in diastole across the tricuspid valve occurs both in dominant stenosis and in dominant
organic incompetence and is unreliable as a guide to tricuspid stenosis of a severity requiring
operation. Valve area calculations are similarly unreliable if incompetence is present.

Atrial fibrillation increases the difficulty of diagnosis. When tricuspid disease is present with
fibrillation, a prominent systolic wave in the venous pulse may be associated with severe stenosis and
only minor regurgitation.

The presence of any one of these features should raise the suspicion of severe tricuspid stenosis,
and a combination is strongly suggestive. The most consistent confirmatory evidence of severe
stenosis in the presence of a tricuspid pressure gradient proved to be the dissociation of right atrial
and right ventricular diastolic pressures during respiration.

The relation of tricuspid murmurs to respiration is discussed, and it is pointed out that in severe
tricuspid stenosis a systolic murmur from associated tricuspid incompetence tends to decrease on
inspiration. The explanation for this is discussed in detail. Tricuspid stenosis causes a disability
similar to that in mitral stenosis but which may be unrelieved by mitral valvotomy. The cardiac
output is severely restricted both at rest and on exercise. When atrial fibrillation occurs the venous
pressure remains permanently raised.

Symptoms were relieved in 12 patients after operation. Cardiac catheterization was repeated
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after operation in 5, and showed a reduction but not complete abolition of the valve gradient. Right
atrial size did not decrease. Regression of the P pulmonale pattern in the electrocardiogram was
usual but not always complete. Three patients died during the operation, but no death was con-
sidered to be due to the tricuspid valvotomy itself. Traumatic, i.e. operative valvular incompetence
of significant degree, only resulted in one case. Two patients subsequently died, after one and two
years respectively, and this was considered to be due to the over-all effects of severe rheumatic heart
disease. Eleven of the 12 remaining survivors have remained well two to six years later: one had
only a fair result.
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